Introduction {#sec1}
============

Every anterior cruciate ligament reconstruction (ACLR) surgery faces two challenges. The first one is how to improve the surgical technique and subsequently the overall results. The second one is how to minimize the morbidity of the procedure. The potential consequence of a deep infection can be devastating.

Septic arthritis after an ACLR is a serious but uncommon complication, with incidence ranging from 0.14% to 1.8%.[@bib1] Risk factors including the use of hamstring autograft, concomitant open surgical procedure, the use of drain or previous surgery on the same knee have been reported.[@bib1]

The use of preoperative systemic prophylactic antibiotic, as well as the proper removal of body hair over the surgical incision site, has been reported as a useful way of reducing the infection rate in ACLR.[@bib2]^,^[@bib3] Recently the use of vancomycin to pre-soak the autograft has been increasingly described in the literature and early results were promising in reducing the rate of infection following ACLR.[@bib1]^,^[@bib4]^,^[@bib5] However, data in our ethnic Chinese population is lacking. Moreover, in our early experience we have found that the prepared graft would occasionally swell up after bathing in the vancomycin solution, causing substantial difficulties during the passage of grafts through the pre-drilled tunnels. We have therefore proposed a modified method to tackle the problem.

The purpose of the study was to investigate whether pre-soaked hamstring autograft with vancomycin provides an effective way to reduce the risk of post-operative infection following ACLR.

Materials and methods {#sec2}
=====================

A retrospective review of 305 patients undergoing primary ACLR using hamstring autograft in our institution over a 7-year period, from April 2012 to March 2019, was carried out. In the initial 4-year period, 185 patients received prophylactic pre-operative intravenous antibiotic (Group I). In the subsequent 3-year period, 120 patients received prophylactic pre-operative intravenous antibiotic, in addition the graft was pre-soaked in a vancomycin solution (Group 2).

Surgical technique {#sec2.1}
------------------

All patients were operated on by the same surgical team, consisted of three fellowship-trained senior surgeons. The prophylactic pre-operative antibiotic consisted of 1 g intravenous cefazolin or, in cases of penicillin allergy, 500 mg of intravenous vancomycin. No patient in this series reported vancomycin allergy. The hamstring graft femoral fixation was carried out with a suspensory fixation system (EndobuttonTM -- Smith and Nephew). Tibial fixation was carried out with a resorbable interference screw (BioRCI -- Smith and Nephrew).

500 mg of vancomycin powder was mixed into a solution of 100 ml saline [Fig. 2](#fig2){ref-type="fig"}. After the hamstring graft was harvested and prepared, it was soaked into the 5 mg/ml vancomycin solution ([Fig. 4](#fig4){ref-type="fig"}). After the brief pre-soaking of the graft for 1 minute, it was brought back to the tensioner wrapped by a sterile gauze that had been saturated with the vancomycin solution beforehand. The graft was left there for 15--20 minutes until it was used for the ACL reconstruction. From our early experience we have found that in some cases the graft would swell up, causing difficulties while passing the graft through the pre-drilled femoral and tibial tunnels, which were made with reference to the graft diameter measured before the soaking. Later we modify the technique by fastening the front end of the graft within the graft sizing tube and wrapped the whole construct in a gauze that had been saturated with the vancomycin solution while the graft is still on the tensioner ([Fig. 1](#fig1){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}). In this way, the aforementioned problem could be prevented.Fig. 1Prepared hamstring graft pre-tensioned with its end through the sizing tube, which is then wrapped around by a gauze soaked with vancomycin solution (Vancomycin wrap).Fig. 1Fig. 2The vancomycin solution. 500 mg of vancomycin mixed with 100 ml of normal saline.Fig. 2Fig. 3The vancomycin wrap.Fig. 3Fig. 4Pre-soaking of graft with vancomycin solution before pre-tensioning.Fig. 4

Diagnostic criteria for septic arthritis {#sec2.2}
----------------------------------------

Diagnosis of septic arthritis was based on clinical examination, laboratory parameters and bacterial cultures of synovial fluid of the knee joint. All patients had at least nine months of post-operative follow-up. The patients were followed up at 2 weeks, 6 weeks and 3 months post-operatively. The patients were assessed for any signs and symptoms of septic arthritis. For those suspicious cases, blood tests for inflammatory markers and knee aspirations were done.

Statistical analysis {#sec3}
====================

Statistical analysis was performed using SPSS (Version 26.0). Power analysis was used to calculate the adequate size of the study sample in order to avoid getting a type II error. We set the incidence of infection to be around 1%, the power to be 80% and type I error (α) to be 0.05. The sample size needed was calculated to be 119 in each group. P value of less than 0.05 was defined as statistically significant.

Results {#sec4}
=======

A total of 3 culture positive intra-articular infections were identified in group 1 (1.6%). All cases were acute infections that developed in the early post-operative period (\<4 weeks). Among these 3 cases, concomitant meniscal repair was performed in two patients. One case was infected by staphylococcus aureus, one by coagulase-negative staphylococcus and one by Propionibacterium acnes.

All the three patients were managed with a single episode of arthroscopic debridement and lavage together with intravenous antibiotics according to the bacterial culture and sensitivity results. Two of the patients required graft removal and a 2-stage revision ACLR.

There was no infection identified in patients receiving systemic antibiotic prophylaxis and graft pre-soaking with vancomycin (group 2). The infection rate was 0% (0 out of 120).

Statistical analysis showed that the prior saturation of the ACL graft in a vancomycin solution significantly reduced the infection rate (p \< 0.01) in comparison with patients in which this technique was not performed.

There was no increase in the re-rupture rate with the use of the 'vancomycin wrap'. The re-rupture rate in group 1 was 5.4% (10 in 185 patients), and 2.5% (3 in 120 patients) in group 2.

There was no statistical difference in the demographics of the two groups of patients in terms of age and gender ([Table 1](#tbl1){ref-type="table"}).Table 1Demographics (age and gender) of all the study groups. Age at ACLR is presented as Mean (Standard deviation).Table 1.Group 1Group 2p-valueSample size (n)185120Age at ACLR (Years old)27.867 (8.442)26.559 (7.986)0.217Gender (Male/Female)154/3196/240.566

No systemic vancomycin toxicity was noted among patients treated with the 'vancomycin wrap'.

Discussions {#sec5}
===========

The main finding of this study was that the use of vancomycin in the pre-soaking of hamstring graft in combination with prophylactic intravenous antibiotic significantly reduced the rate of infection following ACLR, when compared to intravenous antibiotic alone.

The risk of intra-articular infection following ACLR is not as common as other implant-related complications and is reported to be between 0.14% and 1.7%.[@bib4]^,^[@bib6]^,^[@bib7] However, this deep-seated infection is a nightmare for orthopaedic surgeons as it often jeopardise the outcome of the surgery.[@bib8]^,^[@bib9] The eradication of infection is made difficult by reduced intra-articular antibiotic penetration and biofilm formation.[@bib10] Many studies in the past has focused on the management of such complication by aggressive arthroscopic debridement and systemic antibiotic therapy.[@bib11] However, little has been done focusing on the prevention of such infection.

Vancomycin has been used in many aspects in orthopaedic surgery. The use of heat stable vancomycin demonstrated reduced infection rate in arthroplasty surgeries.[@bib12]^,^[@bib13] Using antibiotic-loaded bone cement has provided an effective antibiotic levels in surrounding tissues for several days as it disseminated. Antoci et al. showed that in titanium prosthetic implants covalently coated with vancomycin, bacterial adherence, proliferation, and formation of a biofilm by *Staphylococcus aureus* were prevented.[@bib14]

Vancomycin is heat stable, has a low allergenicity. It is bactericidal against skin commensals such as staphylococcus aureus and coagulase negative staphylococcus, which are the commonest infecting bacteria associated with ACLR surgery.[@bib15]^,^[@bib16] Grayson et al. observed that by rinsing the tendon with vancomycin, there is a continuous elution of vancomycin for at least 24 h, indicating the ability of the tendon to act as a 'reservoir'.[@bib17] Limited evidence regarding the potential toxicity of vancomycin on chondrocytes and tendons exist. A concentration of 2 mg per ml of vancomycin is required for effective eradication of staphylococcal species, and 5 mg per ml for the eradication of staphylococcus epidermidis.[@bib10]^,^[@bib18] Vancomycin concentration exceeding 125 mg per ml is required for osteoblastic toxicity and inhabitation of bone regeneration[@bib14], far exceeding the 5 mg per ml concentration used in wrapping during our ACLR procedure.[@bib1]^,^[@bib5]^,^[@bib10]^,^[@bib19]

Vertullo et al. first proposed the use of vancomycin in pre-soaking the hamstring grafts during ACLR in 2012.[@bib5] There was significant reduction in infection rate following ACLR, from 1.4% in 285 patients with intravenous antibiotics alone, to 0% in 870 patients with intravenous antibiotics and an additional vancomycin soaking. Phegan et al. further demonstrated the efficacy of vancomycin wrapping in their study, with 0% infection rate in 1300 consecutive patients with ACLR.[@bib10] Perez-Prieto et al. revealed a significant reduction of infection rate from 1.85% to 0% with the additional use of vancomycin wrapping.[@bib1] In a follow up study they showed that vancomycin soaking fully eradicates contamination after harvesting of hamstring grafts by comparing vancomycin soaked and control cultured graft samples taken at differing points of harvesting and preparation. No growth was found in the group with vancomycin soaking, while 14% of the samples without vancomycin soaking grew positive cultures.[@bib19]

The technique described by previous authors focused on rinsing the graft with the vancomycin solution. However, not much details had been written on how to prepare and standardize the 'vancomycin wrap'. We believe that making the 'vancomycin wrap' is an important step because the graft was spent 'hanging' on the tensioner within the gauze for a significant amount of time. And in addition, sometimes after absorbing the vancomycin solution, the graft would swell up. As the femoral and tibial bone tunnels were prepared with reference to the initial graft diameter before the soaking, it would result in substantial difficulty when the graft was being pulled through the tunnels during the later stage of the surgery. Hence in addition to standardizing the duration of graft rinsing to 1 minute, we have also put both ends of the graft within the graft sizing tubes before being covered by the 'vancomycin wrap'. We believe that it is an effective way to prevent the graft from expanding and to avoid the aforementioned problems during the graft passing.

All the cases have at least nine months of follow-up post-operatively. We believe that most post-ACLR infection occurred in the early post-operative period and a 9-month follow would hence be sufficient.

Different limitation can be attributed to this study. Firstly, it had a retrospective design with a lack of randomization. Secondly, with regards to the sample size, although it fulfilled the one calculated from the power analysis, it was still a relative small one. Thirdly, the review was done using the electronic record system of the Hospital Authority. We may have missed those patients with post-ACLR septic arthritis who were not admitted to the Hospital Authority medical system. However, we think it is not a usual practice for patients with post-operative complications to seek help from doctors other than those who did the initial surgeries. And even if that is the case, it would be very highly unlikely for the doctors treating the infection not to notify the initial surgeons.

All the cases had at least nine months of follow-up. We are aware of the fact that the follow-up period may not be long enough. But as majority of the post-ACLR infection happens within the early post-operative period, we believe that the limitation posed by the relatively short period of follow-up of some cases may not be significant.

Despite these limitations, the technique presented will be of relevance in the daily clinical practice to prevent infection after ACLR. It is a safe, simple and easily reproducible method.

Our study, together with those done by our predecessors[@bib4]^,^[@bib13], [@bib14], [@bib15], showed a remarkable reduction in infection rates using vancomycin wrap in addition to standard intravenous antibiotic. Vancomycin wrap is a simple method, and its universal use during ACLR may save those patients from undergoing further revision surgeries in eradicating the infection. Our technique of modified graft wrapping may improve the subsequent graft passing. Large scale randomized control study should be conducted to confirm this point.

Conclusions {#sec6}
===========

Hamstring autograft pre-soaking with vancomycin followed by the vancomycin wrap significantly reduce the rate of infection following ACLR.
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